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ABSTRACT 
Measurement of the spatial distribution of queen conch (Strombus gigas) 
through fisheries-independent underwater surveys was carried out along the 
west coast of Puerto Rico during 2001 - 2002.  Sixty transects were performed 
from which densities per depth, age class, and habitat were calculated.  
Transects from this survey were plotted within a Geographic Information 
System (GIS) in which areas of habitat surveyed were calculated, and exact 
conch locations along the west coast were estimated.  The highest densities of 
juveniles (26.101 - 27.391 conch/ha) and adults (9.667 – 10.145 conch/ha) 
were found within shallow seagrass beds.  Densities of older conch, although 
low in value (0.822 – 0.885 conch/ha), were highest within Syringodium 
habitats.  Juveniles were the most frequently encountered conch stage (59.7%; 
n = 89).   
Spatial analyses of this survey data, and of newly plotted data from 
previously published stock surveys, were performed in order to evaluate the 
distribution of the Puerto Rican queen conch population at various scales.  
These analyses revealed that two distinct large groups of individuals surveyed 
could be identified along the western insular shelf, both of which contained 
smaller sized juveniles, but varied in depth, habitat, and geographic location.  
As no significant relation was found between conch size and depth, it is 
suggested that conch are settling and aggregating into both shallow seagrass 
and deep algal sand habitats, but higher proportions and densities may be 
found within shallower seagrasses. 
 
KEY WORDS:  Geographic Information System, Puerto Rico, stock abun-
dance surveys, Strombus gigas, queen conch 
 
La Utilización de GIS en la Medida de la Distribución  
Espacial del Caracol de Reina (Strombus gigas) 
 en Puerto Rico 
 
La medida espacial de la distribución del caracol de reina (Strombus 
gigas) con censos subacuáticos independientes de la pesquería, fue realizada a 
lo largo de la costa del oeste de Puerto Rico durante 2001 - 2002.  60 transec-
tos fueron realizados de los cuales las densidades por profundidad, grupo de 
edad, y habitat eran calculadas.  Transectos de este estudio fueron trazados 
dentro de una Sistema de Información Geográfico (GIS) en el cual las áreas del 
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habitat examinadas eran calculadas, y las localizaciones exactas del caracol a 
lo largo de la costa del oeste eran estimadas.  Las densidades más altas de de 
los juveniles (26.101 - 27.391 caracol/ha) y adultos (9.667 – 10.145 caracol/ha) 
fueron encontrados dentro de las yerbas marinas.  Las densidades de caracoles 
viejos, aunque punto bajo en  valor (0.822 – 0.885 caracol/ha), eran las más 
altas dentro de habitats de Syringodium.  Juveniles era la etapa lo más con 
frecuencia posible encontrada del (59.7%; n = 89), mientras que encontraron a 
los adultos y caracoles más viejos en números más pequeños. 
Los análisis espaciales de los datos de este estudio, y de datos nuevamente 
trazados de censos cuales eran previamente publicadas, fueron realizados para 
evaluar la distribución de la población del caracol de reina de Puerto Rico en 
las varias escalas.  Estos análisis revelaron que dos grupos distintos de 
individuos examinados podrían ser identificados a lo largo de la plataforma 
insular occidental, que contuvieron juveniles clasificados más pequeños, pero 
variado en profundidad, habitat, y la localización geográfica.  Pues no se 
encontró ninguna relación significativa entre el tamaño del caracol y profundi-
dad, se sugiere que el caracol está colocando en las yerbas marinas someras y 
los habitats profundos de la arena con algas, pero se puede encontrar propor-
ciones y densidades elevadas dentro de las yerbas marinas. 
 
PALABRAS CLAVES:  Sistema de Información Geográfico, Puerto Rico, 
censos de la abundancia, Strombus gigas, caracol de reina 
 
 
INTRODUCTION 
The queen conch (Strombus gigas) is one of the most important fished 
species in the Caribbean (Randall 1964, Brownell and Stevely 1981, Appel-
doorn 1994), with distribution ranging from Bermuda and southern Florida to 
the Lesser Antilles and the Caribbean coasts of Central and South America 
(Warmke and Abbott 1961).  Economically, it has been listed as “the second 
most valuable Caribbean fishery resource after the spiny lobster” (Brownell 
and Stevely 1981) at an estimated $40 million per year (Appeldoorn 1994).  
However, due to intense overfishing of this species, Caribbean stocks have 
shown significant declines over the past 30 years (Hesse 1979, Appeldoorn 
1987, Berg and Olsen 1989).  Similar trends of overfishing have been docu-
mented in Puerto Rico’s queen conch populations as well (Appeldoorn 1992). 
Historically, Puerto Rico has had a large artisanal fishery for queen conch, 
with most landings concentrated in the southern and western coasts.  Because 
conchs have been historically depleted from inshore seagrass beds, transition 
of fishing to deeper habitats has occurred.  Deeper water animals collected by 
using SCUBA gear have comprised the majority of landings (Appeldoorn, 
1991).  Appeldoorn (1994) reported that total estimated landings of queen 
conch in Puerto Rico peaked in 1983 at 325 metric tons (mt), but steadily fell 
to 79 mt by 1990.  A recent survey of Puerto Rico’s small-scale fisheries has 
indicated that queen conch landings averaged about 123 mt during 1998 - 
2001, and comprised 8% of total reported landings of fish and shellfish during 
that period (Matos-Caraballo 2004), suggesting small recent recovery of the 
stock.     
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While some management initiatives have been applied in Puerto Rico, 
adequate information on stock status and specific species distribution has not 
been historically available (Ballantine and Appeldoorn 1983, Mateo-Rabelo 
1997).  However, increased monitoring of Puerto Rico stocks through fisheries 
independent stock abundance surveys may aid in better management decisions.  
Surveys may inform about locations of high concentrations, variations in 
distribution during life history, population age and size structure, and habitat 
use by the stock.   Pre-stratification of stock abundance surveys by sampling in 
known areas of historically higher concentrations and landings, may narrow 
confidence limits of estimated abundance (Mateo-Rabelo 1997).   
Two previous surveys of queen conch have been conducted within Puerto 
Rico.  Torres-Rosado (1987) surveyed both queen conch and milk conch 
(Strombus costatus) along the southwestern shelf from 1985 - 1986 to study 
the distribution and association between the two species using transects.  
Mateo-Rabelo (1997) surveyed queen conch stocks of both the west and east 
coasts of Puerto Rico.  Sixty-seven stations were sampled along the southwest 
coast, whereas 29 stations were sampled along the east coast.  Based upon 
historical fishing patterns, sampling sites were stratified along both coasts, and 
visual surveys in random strip transects were performed using underwater 
scooters.  As Mateo’s study provided preliminary information regarding stock 
abundance per coast and habitat, his methodology was repeated in this survey.   
Stock abundance surveys in addition to calculating overall abundance, 
permit the estimation of average densities per habitat or depth and the mapping 
of spatial distributions.  With modern technological advances of Global 
Positioning Systems (GPS) and Geographic Information Systems (GIS), it is 
possible to pinpoint the exact location and aerial coverage of queen conch 
aggregations and associated habitats.  The growing availability of detailed 
regional spatial benthic habitat information has greatly aided in the stratifica-
tion of queen conch stock surveys (Delgado et al. 1998), in the identification of 
potential nursery grounds and Essential Fish Habitat (EFH) (Jones and Stoner 
1997, Glazer and Kidney 2004), and has shed light upon large-scale conch 
spatial distribution patterns and their influences (Stoner et al. 1996, Jones and 
Stoner 1997). 
Through analysis and mapping of stock abundance survey data, this study 
will attempt to reassess the status and shelf-wide distribution of queen conch 
along the west coast of Puerto Rico. 
 
 
METHODS AND MATERIALS 
Sixty stations along the west coast of Puerto Rico were surveyed by visual 
transects of a fixed width of 8 meters, but of varying lengths, during August 
2001 to May 2002 (Figure 1).  Surveys were performed using underwater 
scooters for a minimum of 15 minutes per transect.  Paired divers were trained 
in the visual estimation of conch size and stage based upon Appeldoorn’s 
classification (1995).  Transect start and endpoints were recorded with GPS.  
Transects were run at a random fixed compass reading with transect length and 
duration dependent upon no-decompression time limits per depths not 
exceeding 33 meters.  Time of start, end, change in habitat and depth, and 
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encounter with conch were recorded along with conch stage and shell length to 
the nearest centimeter.   
 
Figure 1.  Survey transects along the west coast of Puerto Rico 
 
Using GPS start and endpoints, distances for each transect were calculated 
with Arc-View GIS software.  Transect start and endpoints, in addition to 
inferred conch location and habitat boundaries, were plotted.  Area of coverage 
per habitat was calculated by multiplying the speed of the entire transect by the 
time spent over a given habitat, and the transect width.  Of the 60 transects, 
were without a recorded endpoint.  Lengths of these transects were estimated 
using the average speed and 95% confidence interval calculated from the 
known 52 transects, where average speed was 30.69 +/- 4.08 meters per 
minute.  Transect speeds were calculated by dividing the length of each 
transect by its time of coverage.  Estimated transect lengths were calculated by 
multiplying the average speed value by the time of each unknown transect.   
Densities per transect were calculated as the number of conch observed 
per transect divided by the area of the entire transect.  Total habitat area was 
found by adding all areas per habitat over all 60 transects.  Densities per 
habitat were calculated as the total conch found within the sum of each habitat 
component of the 60 transects, divided by the total surveyed area of each 
habitat.  Densities per depth were recorded at 10 foot (3.03 m) intervals as the 
total number of conch encountered within the total surveyed area comprising 
the depth range. 
Conch and transect locations were overlain upon NOAA-National Ocean 
Service benthic habitat maps of Puerto Rico (Kendall et al. 2001) as a refer-
ence point for shelf locations and for possible correlation with mapped larger 
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scale habitat information.  Variables of habitat encountered, depth, size, and 
stage of each conch were incorporated into the accompanying data plotted in 
GIS.  This enabled the representation of particular depths and habitats per 
conch location and transect in reference to the west coast of Puerto Rico.  
Using the Arc-View Spatial Analyst density calculator, overall shelf-wide 
distribution and large-scale aggregation strategies of conch were determined.  
Areas which were high in conch density at a 5,000 meter radius were identi-
fied.  Densities within these areas were calculated as the quotient of all conch 
and total transect area which intersected with these identified regions.  Data 
collected by Mateo-Rabelo (1997) were also plotted and analyzed in this 
manner for comparison. 
 
 
RESULTS 
One hundred and forty nine (149) queen conch were reported within 60 
transects, consisting of 23.5 +/- 0.4 hectares of surveyed habitat, at an overall 
density of 6.208 - 6.431 conch/ha for the west coast of Puerto Rico.  The most 
frequently surveyed habitat (Table 1) was sand, consisting of 7.7 +/- 0.05 
hectares (31.989 – 32.718% of the total area surveyed).  Number of conch 
observed per transect ranged from 0-40.  Density of conch was highest (35.768 
– 37.536 conch/ha) in Thalassia habitat (Table 2).  Overall, seagrass habitats 
held highest densities.  Densities per depth (Table 3) were highest (13.967 – 
15.048 conch/ha) at the 9.091 to 12.121 meter range.  This was due in part to 
the dominance of seagrasses and juveniles within the 3.030 –12.121 meter 
range.  Densities in shallower depths were much higher than those found in 
deeper depths. 
Juveniles were the most frequently encountered conch stage (59.7%, n = 
89).  Ten old conch were encountered, while only two very old conch were 
discovered, both in the same transect.  Juvenile and adult densities were 
highest within Thalassia habitats, while older conch were most dense within 
Syringodium habitats.  Juvenile density was highest (8.869 conch/ha) between 
12.121 – 15.152 m, while adults were found at highest densities (6.984 – 7.524 
conch/ha) within 9.091 – 12.121 m.  Older conch were found at highest 
densities from 9.091-12.121 m, however the largest proportion was found in 
deeper sand.  No significant correlation was found between size and depth (r2  
= 0.0293).  Conch within 0 – 13.636 m, the depth range of surveyed seagrass 
beds, were overwhelmingly found within seagrass beds (91.6%, n = 98).  
Within deeper waters surveyed (13.636 – 33.333 m), individuals of all stages 
were most frequently observed in sand habitats, with higher proportions of 
juveniles (56%, n = 14) in these areas. 
Spatial analysis of mapped conch points revealed specific geographic 
areas along the west coast of Puerto Rico where conch were aggregated in 
comparatively high densities.  When all conch were plotted together (Figure 2), 
and analyzed at a 5,000 m radius, five distinct groups were identified, with 
most conch concentrated within west (Groups 2 and 3) and southwest coast 
seagrass habitats (Group 5).  A large aggregation (Group 4, n = 40) of juve-
niles and some adults, encountered in one transect, was separated from other 
groups at this scale.  Small proportions of individuals along the southwestern 
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coast were found in deeper, sand habitat within Group 5, where juveniles were 
the most frequently encountered stage (n = 9).  A distinctly separate group 
(Group 1) along the deep northwestern insular platform was identified within 
more barren terrain, with conch densities highest within hardbottom and algal 
sand (Table 4).  However, proportions of conch were highest within deeper 
sand habitats (47.1%, n = 8).  Nearly equal proportions of adults (52.9%) and 
juveniles (47.1%) were surveyed within this area. 
 
When data from Mateo-Rabelo (1997) were plotted and analyzed (Figure 
3), five groups were found.  The majority of juveniles and adults were located 
within shallower seagrass beds along the southwest coast (Group 5), while 
smaller groups along the shallow to moderately deep northern shelf were 
identified within seagrass beds (Groups 2 and 3).  Densities of adults were 
higher than those of juveniles within the deeper, more barren regions of Group 
5 (Table 5).  Mateo-Rabelo’s survey data also revealed a deep algal sand 
cluster (Group 1), in which juveniles made up 51.9% of the individuals 
surveyed.  As Mateo-Rabelo’s survey was stratified with higher emphasis 
within reef and hardbottom habitats, its data revealed the presence of a cluster 
of individuals (Group 4) within moderately deep reef habitats, where adults 
were found in higher numbers (82.8%, n = 9) and densities than juveniles.   
 
 
Table 1.  Total area (m2) surveyed per habitat along the west coast of Puerto 
Rico from August, 2001 to May, 2002. 
Habitat Area % Area 
Sand 75704.71 - 76679.27 31.99 - 32.72 
Coral 29133.15 - 31472.09 12.59 - 13.13 
Hardbottom 20968.96 - 21163.87 8.83 - 9.06 
Thalassia 19714.27 - 20688.83 8.52 - 8.63 
Algae 19417.82 8.10 – 8.39 
Sand with Algae 18063.58 - 19038.14 7.81 - 7.94 
Sand with Gorgonians 16525.09 - 17824.5 7.14 - 7.43 
Sand with Syringodium 6363.64 2.65 – 2.75 
Sand with Halophila 4913.97 2.05 – 2.12 
Gorgonians with Hardbottom 4748.85 1.98 – 2.05 
Algae with Halophila and Syringodium 3403.13 - 4442.66 1.47 - 1.85 
Syringodium 4265.34 1.78 – 1.84 
Hardbottom with Sand 3832.59 1.60 – 1.65 
Sand with Thalassia 1701.89 - 2221.33 0.74 - 0.93 
Gorgonians 1143.62 0.48 – 0.49 
Hardbottom with Coral 781.29 0.33 – 0.34 
Thalassia with Syringodium 370.73 0.15 – 0.16 
Sand with Coral 336.27 0.14 – 0.15 
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Table 3.  D
ensity (conch/ha) of queen conch per depth stratum
 (m
eters) along the w
est coast of P
uerto R
ico 
D
epth (m
) 
C
onch 
Juveniles 
A
dults 
O
ld 
Very O
ld 
3.030 to 6.061 
5.655 - 6.559 
4.241 - 4.919 
1.414 - 1.640 
0 
0 
6.061 to 9.091 
8.934 - 9.769 
6.552 - 7.164 
2.382 - 2.605 
0 
0 
9.091 to 12.121 
13.967 - 15.048 
6.162 - 6.639 
6.984 - 7.524 
0.822 - 0.885 
0 
12.121 to 15.152 
12.861 
8.869 
3.326 
0.665 
0 
15.151 to 18.181 
0.629 - 0.671 
0.629 - 0.671 
0 
0 
0 
18.181 to 21.212 
2.745 - 2.763 
1.497 - 1.507 
0.998 - 1.005 
0.250 - 0.251 
0 
21.212 to 24.242 
2.925 - 2.996 
1.219 - 1.248 
0.731 - 0.749 
0.487 - 0.499 
0.487 - 0.499 
24.242 to 27.272 
4.541 - 4.715 
2.271 - 2.358 
1.514 - 1.572 
0.757 - 0.786 
0 
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Figure 2.  Identified clusters of queen conch along the west coast of Puerto 
Rico at a 5000 meter radius scale.  
 
Figure 3.  Identified clusters of queen conch along the west coast of Puerto 
Rico at a 5000 meter radius scale from Mateo, 1998 survey data. 
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Table 4.  Densities of queen conch per identified cluster and its associated 
surveyed depths and habitats along the west coast of Puerto Rico 
 
 
 
 
Totals         
Group Conch Juveniles Adults Old 
1 5.804 2.731 2.39 0.683 
2 4.539 - 5.246 2.594 - 2.998 1.945 - 2.248 0 
3 14.61 10.435 4.174 0 
4 215.482 188.547 26.935 0 
5 
10.705 - 
11.330 6.091 - 6.446 4.245 - 4.493 0.369 - 0.391 
Depths           
Group 
Depth 
Range Conch Juveniles Adults Old 
1 
18.182 - 
21.212 6.249 2.5 2.5 1.25 
  
21.212 - 
24.242 6.538 4.67 1.868 0 
  
24.242 - 
27.272 4.725 0.945 2.835 0.945 
            
2 
3.030 - 
6.060 4.937 - 6.445 
2.468 - 
3.222 
2.468 - 
3.222 0 
  
6.060 - 
9.090 
14.949 - 
19.503 0 
14.949 - 
19.503 0 
  
9.090 - 
12.121 
9.604 - 
12.537 
7.203 - 
9.403 
2.401 - 
3.134 0 
            
3 
9.090 - 
12.121 23.684 15.79 7.895 0 
  
12.121 - 
15.151 11.761 8.821 2.94 0 
            
4 
12.121 - 
15.151 215.482 188.547 26.935 0 
            
5 
6.060 - 
9.090 
15.942 - 
16.879 
12.526 - 
13.262 
3.416 - 
3.617 0 
  
9.090 - 
12.121 
26.619 - 
31.787 
12.777 - 
15.258 
13.842 - 
16.529 0 
  
12.121 - 
15.151 8.841 1.965 5.894 0.982 
  
18.182 - 
21.212 3.291 3.291 0 0 
  
24.242 - 
27.272 8.397 - 9.509 
5.998 - 
6.792 
1.200 - 
1.358 
1.200 - 
1.358 
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Table 5. Densities of queen conch per identified cluster and its 
associated surveyed depths and habitats, from Mateo-Rabelo (1997) 
data, along the west coast of Puerto Rico. 
Totals         
Group Conch Juveniles Adults Old 
1 3.846 1.994 0.997 0.855 
2 5.884 4.771 0.954 0.159 
3 7.169 7.169 0 0 
4 3.025 0.550 1.375 1.100 
5 11.459 8.533 2.072 0.853 
Depths           
Group Depth Range Conch Juveniles Adults Old 
1 18.181 - 21.212 3.959 0 0 3.959 
  21.212 - 24.242 4.963 3.436 0.764 0.764 
  24.242 - 27.273 3.221 1.171 1.171 0.878 
  27.273 - 30.303 18.107 9.054 9.054 0 
            
2 0 - 3.030 18.832 18.832 0 0 
  3.030 - 6.060 18.701 14.961 2.992 0.748 
  9.090 - 12.121 1.533 0.511 1.022 0 
  18.181 - 21.212 2.953 2.953 0.000 0 
            
3 3.030 - 6.060 73.742 73.742 0 0 
  6.060 - 9.090 2.838 2.838 0 0 
  12.121 - 15.151 14.353 14.353 0 0 
            
4 12.121 - 15.151 4.122 0.515 2.576 1.030 
  15.151 - 18.181 1.769 0.590 0 1.180 
            
5 6.060 - 9.090 8.141 8.141 0 0 
  9.090 - 12.121 18.670 16.276 2.394 0 
  12.121 - 15.151 10.956 8.764 1.517 0.674 
  15.151 - 18.181 9.547 3.038 5.641 0.868 
  18.181 - 21.212 4.852 1.386 0.693 2.773 
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Table 5. Densities of queen conch per identified cluster and its associated sur-
veyed depths and habitats, from Mateo-Rabelo (1997) data, along the west coast 
of Puerto Rico (continued). 
Habitats           
Group Habitat Conch Juveniles Adults Old 
1 Algae-Halimeda 3.464 2.771 0 0.693 
  Algae 3.919 2.613 0.653 0.653 
  Halophila 3.959 3.167 0 0.792 
  Hardbottom with Sand and Algae 4.931 0 3.698 1.233 
  Rubble 5.362 2.681 0 2.681 
  Sand 3.749 0.750 2.249 0.750 
            
2 Algae-Halimeda 2.870 2.870 0 0 
  Algae 2.533 2.533 0 0 
  Hardbottom with Gorgonians 0.926 0.309 0.617 0 
  Thalassia 16.544 8.272 4.136 4.136 
  Thalassia with Syringodium 19.758 17.563 2.195 0 
            
3 Mud with Halophila 17.520 17.520 0 0 
  Sand 11.154 11.154 0 0 
  Thalassia with Syringodium 106.516 106.516 0 0 
            
4 Coral 0.601 0.601 0 0 
  Sand with Coral 5.067 0.507 2.533 2.027 
            
5 Algae 2.800 1.866 0.933 0 
  Algae-Halimeda 33.204 30.650 2.554 0 
  Algae with Sand 14.632 1.126 2.251 11.255 
  Halophila 1.791 0 1.791 0 
  Hardbottom with Gorgonians 1.172 0.586 0.586 0 
  Rubble 14.333 12.900 1.433 0 
  Sand 4.332 4.332 0.000 0 
  Syringodium 17.340 12.283 4.094 0.963 
  Thalassia 50.370 43.024 7.346 0 
  Thalassia  with Syringodium 38.435 32.367 6.069 0 
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DISCUSSION 
Queen conch were found in highest abundance within shallow seagrass 
beds along the west coast, with major concentrations within the southwestern 
part of Puerto Rico.  When data were assessed without the addition of GIS 
mapping, it was possible to conclude that conch were mostly restricted to 
shallow vegetated areas, while others were found in smaller numbers within 
inshore or deeper algal sand habitats.  Findings from other studies lead one to 
expect that higher concentrations of conch would be found within these key 
habitats (Stoner and Waite 1990, Frielander et al. 1994, Mateo-Rabelo 1997, 
Posada et al.. 2000).  However, with the addition of GIS mapping, large-scale 
high-density areas encompassing several habitats and depths throughout the 
shelf were identified.  In Puerto Rico, the identification of large-scale key 
conch areas through use of fisheries independent surveys is a new approach.  If 
the information gathered on the stock through surveys is to be used to enable 
proper management of the resource, the addition of descriptive key locations of 
conch aggregations and size and stage distributions must be considered.  
Currently, many GIS studies involving queen conch have been assessing their 
relationship with well mapped habitats, and in areas where key aggregations 
have been identified and monitored over time (Stoner et al. 1996, Jones and 
Stoner 1997, Glazer and Kidney 2004).  As much habitat still has yet to be 
mapped and quantified, and key regions and habitats used by commercially 
important species are still being identified in Puerto Rico, the identification of 
these large-scale conch areas in this study is noteworthy. 
When comparing data from this survey to that of Mateo-Rabelo’s survey, 
it is interesting to note that although a larger area was sampled in his earlier 
survey, and that more conch were reported, similar key areas were identified at 
varying densities.  This could suggest that the identified clusters are perma-
nent, and that these are true key sites which reflect an accurate clumped 
distribution of queen conch along the western shelf of Puerto Rico.  Studies 
within the Bahamas have illustrated that “most juveniles are concentrated in 
large aggregations in relatively few locations” (Stoner and Ray 1993).  As 
juveniles and adults of varying sizes were found scattered throughout the shelf 
within large clusters which were not stage-specific and at varying depths, one 
may question whether the vertical stratification by size that has been observed 
in the Bahamas (Stoner and Ray-Culp 2000) and Venezuela (Weil and 
Laughlin 1984) is applicable to the Puerto Rico stock along an expansive shelf.  
While conch are known to migrate into deeper waters with age, and conch of 
all stages have been observed migrating along the shelf into shallower habitats 
at key times (Hesse 1979, Stoner et al. 1988, Stoner and Sandt 1992), it is 
likely that physical factors such as current patterns and the size of the Puerto 
Rico shelf are contributing to the pattern of intermixed groups of juveniles and 
adults at varying depths.  Both surveys found similar results regarding the 
distribution of conch stages within groups.  However, Mateo’s survey revealed 
the presence of more clustered adults in deeper southwest reef habitat.  It is 
possible that juveniles are settling into deeper algal habitats as well as shal-
lower seagrasses.  However, these surveys represent only a snapshot of the 
resource at a given time.   
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The question as to whether these findings are the result of overfishing 
influencing the natural distribution of conch cannot be ignored.  Within the 
Bahamas there is prohibition of harvesting conch with SCUBA gear, which 
can result in substantial size stratification by depth within that population.  As 
the majority of larger conch are being taken from deeper waters in Puerto Rico, 
it is possible that nearly equal densities of juveniles in deeper algal sand 
habitats is a result of this fishing practice.  However, it may be possible that 
older conch are opting to stay with younger conspecifics in shallower protected 
habitats or within deeper regions similar to those identified along the northwest 
coast.  As fishing is taking place throughout the entire shelf, all regions are still 
subject to exploitation.  
Although collected data informed greatly about the abundances of conch 
per habitat, depth, and location, it also showed low densities of conch in all 
areas covered, which suggests that the fishery has not recovered.  While the 
Caribbean Fisheries Management Council (CFMC) enacted management 
restrictions upon the fishery in 1996, these data suggest the fishery, as of these 
surveys, was still in poor state.  Overall density for the entire shelf was low in 
comparison to other Caribbean nations (Mateo-Rabelo 1997), and the west 
coast value reported by Mateo-Rabelo’s survey (9.20 conch/ha).  Stoner and 
Ray-Culp (2000) warn of Allee effects in populations at low densities where 
spawning has been observed to cease at densities lower than 48 conch/ha.  
Older conch could be within territories of juvenile conch due to the inability to 
successfully find mates within other regions.  While juveniles were found in 
higher concentrations than adults and older conch, their numbers were still 
relatively low in both surveys.  Given the lower densities and low numbers of 
older conch encountered, it is likely that the population is still experiencing 
effects of overfishing.  In order to enable more detailed conclusions about the 
permanency of these identified groupings, the status of the fishery, and the 
relationships between habitat, depth and conch stage, surveys should be 
continued and mapped throughout the year. 
 
 
ACKNOWLEDGEMENTS 
This study was performed as a component of the SouthEast Area Monitor-
ing and Assessment Program (SEAMAP).  Financial support for this study was 
provided by the Department of Natural and Environmental Resources (DNER) 
of Puerto Rico.  Comments from Dr. David L. Ballantine greatly improved the 
manuscript.   
 
 
LITERATURE CITED 
Appeldoorn, R.S. 1987.  Practical considerations in the assessment of queen 
conch fisheries and population dynamics.  Proceedings of the Gulf and 
Caribbean Fisheries Institute 38:314-331. 
Appeldoorn, R.S. 1991.  History and recent status of the Puerto Rican conch 
fishery.  Proceedings of the Gulf and Caribbean Fisheries Institute 
40:267-282. 
 
Page 46                 57th Gulf and Caribbean Fisheries Institute  
 
Appeldoorn, R.S. 1992.  Preliminary calculations of sustainable yield for 
queen conch (Strombus gigas) in Puerto Rico and the U.S. Virgin Islands.  
Proceedings of the Gulf and Caribbean Fisheries Institute 41:95-105.  
Appeldoorn, R.S.  1994.  Queen conch management and research: Status needs 
and priorities.  Pages 301-319 in:  R.S. Appeldoorn, and B. Rodriguez 
(eds.). Queen Conch Biology, Fisheries and Mariculture.  Fund. Cientif. 
Los Roques, Caracas, Venezuela. 
Appeldoorn, R.S. 1995.  Stock abundance and potential yield of queen conch 
of Pedro Bank.  Technical Report Fisheries Division Ministry of Agricul-
ture. Kingston,  Jamaica.  31 pp. 
Ballantine, D.L. and R.S. Appeldoorn. 1983.  Queen conch culture and future 
prospects in Puerto Rico.  Proceedings of the Gulf and Caribbean 
Fisheries Institute 35:57-63. 
Berg, C.J., Jr. and D.A. Olsen.  1989.  Conservation and management of queen 
conch (Strombus gigas) fisheries in the Caribbean.  Pages 421-442 in:  J.F. 
Caddy (ed.).  Marine Invertebrate Fisheries: Their Assessment and 
Management.   John Wiley and Sons, New York, New York USA. 
Brownell, W.N. and J.M. Stevely.  1981.  The biology, fisheries, and manage-
ment of the  queen conch, Strombus gigas.  Marine Fisheries Review 43
(7):1-12. 
Delgado, G.A, Chiappone, M., Geraldes, F.X., Pugibet, E., Sullivan, K.M., 
Torres, R.E., and M. Vega. 1998.  Abundance and size frequency of queen 
conch in relation to benthic community structure in Parque Nacional del 
Este, Dominican Republic.  Proceedings of the Gulf and Caribbean 
Fisheries Institute  50:1-29.  
Frielander, A., Appeldoorn, R.S., and J. Beets.  1994.  Spatial and temporal 
variations in stock abundance of queen conch, Strombus gigas, in the US 
Virgin Islands.  Pages 51-60 in:  R.S. Appeldoorn and B. Rodriguez (eds.). 
Queen Conch Biology, Fisheries and Mariculture.  Fund. Cientif. Los 
Roques, Caracas, Venezuela. 
Glazer, R.A. and J.A. Kidney. 2004.  Habitat associations of adult queen conch 
(Strombus gigas L.) in an unfished Florida Keys back-reef:  applications to 
Essential Fish Habitat.  Bulletin of Marine Science 75(2):205-224. 
Hesse, K.O. 1979.  Movement and migration of the queen conch, Strombus 
gigas, in the Turks and Caicos Islands.  Bulletin of Marine Science 
29:303-311. 
Jones, R.L. and A.W. Stoner. 1997.  The integration of GIS and remote sensing 
in an ecological study of queen conch, Strombus gigas, nursery habitats.  
Proceedings of the Gulf and Caribbean Fisheries Institute 49:523-530. 
Kendall, M.S., Monaco, M.E., Bjua, K.R., Christensen, J.D., Kruer, C.R., 
Finkbeiner, M.R, and R.A. Warner. 2001. (On-line). Methods Used to 
Map the Benthic Habitats of Puerto Rico and the U.S. Virgin Islands URL:  
http://biogeo.nos.noaa.gov/projects/mapping/caribbean/startup.htm. Also 
available on U.S. National Oceanic and Atmospheric Administration. 
National Ocean Service, National Centers for Coastal Ocean Science 
Biogeography Program. 2001. (CD-ROM). Benthic habitats of Puerto 
Rico and the U.S. Virgin Islands. Silver Spring, MD: National Oceanic 
and Atmospheric Administration.  
  Marshak, A.R. et al.  GCFI:57   (2006)  Page 47  
 
Mateo-Rabelo, I. 1997.  Spatial Variations in stock abundance of queen conch, 
Strombus gigas, (Gastropoda: Strombidae) in the west and east coast of 
Puerto Rico.  M.S. Thesis.  Univ. Puerto Rico, Mayaguez, Puerto Rico.  75 
pp. 
Matos-Caraballo, D. 2004.  Overview of Puerto Rico’s Small-Scale Fisheries 
Statistics: 1998-2001.  Proceedings of the Gulf and Caribbean Fisheries 
Institute 55:103-118. 
Posada, J.M., Mateo, I.R., and M. Nemeth. 2000.  Distribution and abundance 
of queen conch, Strombus gigas, (Gastropoda: Strombidae) on the shallow 
waters of the Jaragua National Park, Dominican Republic.  Proceedings of 
the Gulf and Caribbean Fisheries Institute 51:1-15. 
Randall, J.E. 1964.  Contributions to the biology of the queen conch, Strombus 
gigas.  Bulletin of Marine Science of the Gulf  and Caribbean 14:246-295. 
Stoner, A.W., Lipcius, R.N., Marshall, L.S., and A.T. Bardales. 1988.  
Synchronous emergence and mass migration in juvenile queen conch.  
Marine Ecology Progress Series 49:51-55. 
Stoner, A.W., P.A. Pitts, and R.A. Armstrong. 1996.  Interaction of physical 
and biological factors in the large scale distribution of juvenile queen 
conch in seagrass meadows.  Bulletin of Marine Science 58(1):217-233. 
Stoner, A.W. and M. Ray. 1993.  Aggregation dynamics in juvenile queen 
conch (Strombus gigas): population structure, mortality, growth, and 
migration.  Marine Biology 116:571-582. 
Stoner, A.W. and M. Ray-Culp. 2000.  Evidence for Allee effects in an over-
harvested marine gastropod: density dependent mating and egg produc-
tion.  Marine Ecology Progress Series 202:297-302. 
Stoner, A.W. and V.J. Sandt. 1992.  Population structure, seasonal movements 
and feeding of queen conch, Strombus gigas, in deep-water habitats of the 
Bahamas.  Bulletin of Marine Science 51(3):287-300. 
Stoner, A.W. and J.M. Waite. 1990.  Distribution and behavior of queen conch 
Strombus gigas relative to seagrass standing crop.  Fisheries Bulletin 
88:573-585. 
Torres-Rosado, Z.A. 1987.  Distribution of two mesogastropods, Strombus 
gigas Linneaus, and the milk conch, Strombus costatus Gmelin, in La 
Parguera, Lajas, Puerto Rico.  M.S. Thesis.  Univ. Puerto Rico, Mayaguez, 
Puerto Rico.  37 pp. 
Warmke, G.L. and R.T. Abbott. 1961.  Caribbean Seashells.  Livingston 
Publishing Company, Narbeth, Pennsylvania USA.  348 pp. 
Weil M., E., and R. Laughlin G. 1984.  Biology, population dynamics, and 
reproduction of the queen conch, Strombus gigas Linne, in the Archipel-
ago de Los Rogues National Park.  Journal of Shellfish Research 4:45-62. 
 
 
 
Page 48                 57th Gulf and Caribbean Fisheries Institute  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
BLANK PAGE 
